Results obtained in studies of phytochrome destruction kinetics (2, 4, 7-10) suggest that there are two pools of phytochrome: a labile one, lP3, characterized by fast destruction of Pfr (lPfr, half-life of destruction = 20-60 min, depending on the species), and a stable one, sP, characterized by slow destruction of Pfr (sPfr, half-life of destruction = several hours). Labile phytochrome is predominant in dark-grown seedlings; in light-grown ones, depending upon the species, 50% to 80% of the total phytochrome might be in the stable form (10).
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The idea of two populations of phytochrome is not new. It was first proposed by Hillman (6) to provide an explanation for the apparent contradictions between spectrophotometric measurements of phytochrome and physiological results in the well known Pisum (5) and Zea (1) paradoxes. In general, the attempts to establish a consistent relationship between the state of phytochrome (total level, Pfr/P ratio, rate of Pfr decay), as determined by spectrophotometric assays in vivo, and the expression of physiological responses have not been very successful. The existence of different populations of the pigment is supported by recent data that show differences in the spectroscopic and immunological properties of phytochrome ofdark-grown and lightgrown seedlings (16, (19) (20) (21) (22) .
Jabben and Holmes (10) sponses elicited by short exposures to light) in light-grown plants (3, 10, 13) and showing an apparent prolonged effectiveness of Pfr in darkness are consistent with the above suggestion. The enhancement of the extent of the inductive response in lightgrown seedlings (10, 13) could be plausibly explained as a consequence of differences in the value of the labile to stable phytochrome ratio between dark-grown and light-grown seedlings. Phytochrome action in dark-grown seedlings (high P content, low sP/lP ratio) might be due mostly to lPfr which is lost rather rapidly and would have only a limited time during which to act. In light-grown seedlings (low P content, high sP/IP ratio), a larger proportion of phytochrome action might be exercised by sPfr which is lost rather slowly and would have an extended time during which it could act. In conclusion, the evidence available at present suggests that light-dependent changes in the labile to stable phytochrome ratio might be physiologically significant, at least insofar as the photoregulation of inductive responses is concerned. Several photomorphogenic responses, collectively known as HIR, require prolonged irradiations for their full expression (15) . The characteristics (e.g. spectral sensitivity, fluence rate dependence) of HIR responses are different in dark-grown and lightpretreated seedlings (10) . One possible way of testing if the differences in the characteristics of the HIR between dark-grown and light-grown plants might be caused by changes in the labile to stable phytochrome ratio was suggested by results obtained in studies of the effectiveness of intermittent light treatments on HIR anthocyanin production (11, 14, 15) . It was shown that continuous light treatments can be fully replaced by intermittent ones if certain conditions are observed: light treatments of equal total fluences and extended over the same period of time, and short dark intervals between successive irradiations in the intermittent treatments (11, 14, 15) . It was also shown that the efficiency of intermittent light treatments decreases with increasing durations of the dark intervals between successive irradiations, possibly as a consequence of Pfr decay during the dark part of the cycle (1 1, 14) . It seems reasonable that differences in effectiveness between intermittent light treatments with short (short-cycled) and long (long-cycled) dark intervals between successive irradiations might be more pronounced in dark-grown seedlings, where action should be due mostly to the rapidly decaying IPfr, than in light-grown ones, where most of the action should be due to the slowly decaying sPfr. This hypothesis was tested by comparing the effectiveness of short-cycled and longcycled intermittent light treatments for anthocyanin production in dark-grown and light-pretreated cabbage seedlings.
MATERIALS AND METHODS
Seedlings of cabbage (Brassica oleracea L., Red Acre) were grown in Petri dishes on filter paper moistened with distilled H20. Temperature throughout the experimental period was 24 to 25C.
The light treatments were given in growth chambers (Percival E-57) equipped with various combinations of lamps and filters (Table I) The criteria used for the selection of the light pretreatments were the following. First, the light pretreatment should produce an appreciable change in the sP/IP ratio. The two light pretreatments selected, 8R and 3R (Table II) cause a decrease of phytochrome content of 80% or more; according to published data (2, 4, 7-10), this should be sufficient to produce a significant increase of the sP/IP ratio. Second, the response elicited by the light pretreatments should not be higher than 50% to 70% of the total response brought about by the 'pretreatment + treatment' sequence to maintain the sensitivity required for the comparison between short-cycled and long-cycled intermittent light treatments. Third, the light pretreatments should not cause a considerable increase in Chl content to avoid large differences in the effects of Chl screening on the state ofphytochrome (Pfr/P ratio, rate of photoconversion) between dark-grown and light-pretreated seedlings.
Two criteria were used for the selection of the cycle lengths of the intermittent light treatments. First, the short-cycled intermittent light treatments should have elicited a response that was within 15% of that elicited by a continuous light treatment of the same total fluence and extended over the same 24-h period (equivalence ofcontinuous and intermittent light treatments; 1 1, 14, 15) . Second, the differences in anthocyanin production between the short-cycled and the long-cycled intermittent light treatments, applied to dark-grown seedlings, had to be at least 30% to provide a range wide enough for the comparison with light-pretreated seedlings. RESULTS 
AND DISCUSSION
The inductive, R-FR reversible response is smaller in darkgrown than in light-pretreated seedlings (Table II) , as observed in several systems (10, 12, 13, 17) . A short FR pulse, applied at the end of the pretreatments, does not prevent anthocyanin synthesis during a successive dark period (Table II) . This is probably the consequence of two factors: (a) the low level of Pfr produced by the FR source might be sufficient to stimulate a low production of anthocyanin; (b) the activity of the enzymes involved in anthocyanin biosynthesis, induced during the pretreatments, is no longer under Pfr control.
The response elicited by the short-cycled intermittent light treatments (equivalent to continuous ones) is smaller in the lightpretreated than in the dark-grown seedlings (Table III) , again confirming observations reported in several systems (10, 12, 17) . The response elicited by the long-cycled intermittent light treatments, is about the same or slightly higher in light-pretreated seedlings than in the dark-grown ones. The slight enhancement observed under long-cycled intermittent RI and BCJ, the two sources producing the higher Pfr/P ratios among those used, is perhaps a reflection of the fact that, in the long-cycled intermittent light treatments, a portion of the effect might result from the inductive response (multiple inductions). As reported here Table II. and in several other studies (10, 12, 13, 17) , light pretreatments cause an enhancement of the inductive response and a decrease of the response to continuous irradiations. No fully satisfactory explanation has been given yet for the differential effects of light pretreatments on the inductive and continuous irradiation responses. It has been suggested (17) that the differential effect of the light pretreatments might be due to a difference in the action of Pfr under inductive and HIR conditions, as proposed in a model for phytochrome action (18) .
The differences in effectiveness between the short-cycled and the long-cycled intermittent light treatments are smaller in lightpretreated than in dark-grown seedlings (Tables III and IV) . This can be plausibly explained on the basis ofdifferences in the value of the stable to labile phytochrome ratio between dark-grown and light-pretreated seedlings.
In dark-grown seedlings (low sP/IlP ratio, high initial P content), a large part of the action, especially during the first few hours of the prolonged light treatments, would be due to lPfr, which decays quickly. Consequently, the average Pfr level should be higher under the short-cycled than under the long-cycled intermittent light treatments (14, 15) . Therefore, it seems reasonable that the short-cycled light treatments should be more effective than the long-cycled ones. In addition, one would also expect to find that the effectiveness ratio between short-cycled and longcycled intermittent light treatments should be lower for the light treatments that induce a higher value of the Pfr/P ratio (Table I) as actually found (Table III) .
In light-pretreated seedlings (high sP/IlP ratio, low P content), a larger part of the action should be due to sPfr which decays slowly. Consequently, differences in the average Pfr level maintained under short-cycled and long-cycled intermittent light treatments should be smaller than in dark-grown seedlings. Therefore, it seems reasonable that the differences in effectiveness between short-cycled and long-cycled intermittent light treatments should be smaller than in dark-grown seedlings.
In conclusion, in cabbage seedlings, the data reported here and in a previous communication (13) are in agreement with the suggestion (2, 10) that there might be two pools of phytochrome, a stable one and a labile one and that sPfr might be the predominant physiologically active form in light-pretreated seedlings. The results suggest that light-dependent changes in the labile to stable phytochrome ratio might be physiologically significant and affect not only the inductive, R-FR reversible response, but also the response to prolonged irradiations (HIR), at least under the experimental conditions used in this study. One limitation of this study is that, with the light sources used, the only ones available at present, the radiation fluences applied in the intermittent light treatments were lower, by a factor of about 10 to 20, than those required to elicit the full expression of HIR responses. The observations reported here need confirmation at higher fluences. Further investigation is also needed to confirm the above observations in other systems.
